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Migration patterns of striped bass (Rocct~s saxatilis) irt tlte Sacramento-San Joaquin River
system, California, are defined by ta__~g_returns fro~fish and angler catches from
1958 through 1964.

Larger adults migrated farther downstream than smaller ones, and most 3- and 4-year-old
immature fish remain in the Bay Area during the spawning period. Fish tagged in the western
and eastern Delta during the spring, in the western Delta during the fall, in the upper
Sacramento River during tbe spring, and in San Pablo Bay during the fall all had similar
migration patterns. The only general difference was each group had a distinctive migration

.e to the Delta.
~e Migrations into San Francisco Bay and the Pacific Ocean were much greater in the late
5. I950% and early 1960% than in the early 1950%. Data on changes in the striped bass population
.~ and environment were insufficient to explain migration changes. Earlier conelusions regarding
~n factors controlling seaward migration did not adequately explain migration variations between
~e 1958 and 1964.
ic
,d

I]NTRODUCTION                  on migrations obtained from e~eel~ censuses

Tagging in the early 1950% demonstratedis also included.

that adult striped bass from the Sacramento- STUDY AREA AND STRIPED BASS
San Joaquin River population had a definite
annual migratory pattern (Calhoun, 1952).Ahnost all California striped bass !ive in

There was a mass upstream fall migration tothe Sacranaento-San Joaquin River system

the fresh waters of the Sacramento-Sanand adjacent areas of the Pacific Ocean.

Joaquin Delta, where the fish remained overThese two rivers and their tributaries drain

winter. In the spring, they dispersed through-California’s Central Valley. The Sacramento

out the Delta and its tributaries to spawn. AsRiver flows from the north and the San

spawning ended in May and early June, HshJoaquin River from the south to join near

migrated downstream to spend the summerPittsburg (Figure 1). From there they How

in brackish or salt water. During the sum-to the Pacific Ocean through Suisun Bay,

mers of 1950 and 1951, the population wasCarquinez Strai~, San Pablo Bay, and San

concentrated in San Pablo Bay and CarquinezFrancisco Bay. Upstream from their junction

Strait. there is a network of some 700 miles of chan-

By 1958, changes in the fishery indicatednels which is known as the Delta. The Delta

that there had been important changes in thecovers a triangular area bounded by Pitts-

timing and extent of migrations, although theburg, Sacramento, and Traey.

pattern remained similar. Returns from ex-Fr~to and Traey to the Pacific

tensive tagging operations between 1958 andOcean the area is a ti~dal estua

1961 helped define these changes and migra-mu-ffe-’fi’e greater in the winter and spring, caus-

tory differences among the population’s vari-ing wide variations in salinity intrusion from
the ocean. Even in the late summer period o~

ous components, greatest salinity intrusion water is essentially
This paper describes results of the 1958-fresh about 5 miles east of Antioch. Kelley

1961 tagging study and compares them With(1966) describes the area in more detail.
earlier findings. Supplementary information Striped bass utilize the entire area. They

~Submitted for publication September 1965. Thisspawn upstream from Pittsburg: mostly
study was performed as part of Dingell-JobnsonD’~ta portion of the mai~ River
Project California F-9-R, "A Study of Sturgeon and
Striped Bass," supported by Federal Aid to Fish
Restoration funds, t~~ ab~e ~-he--~F
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SACRAMENTO--SAN JOAQUIN RIVER STRIPED BASS MIGRATIOPIS ?-, 3~-9

Young fish utilize the area JZ0~l_~B..~.~oup last to avoid excessive catches of smaller
B’~ "ream as ~-~nursg---’~7 area. As theyfish" in the smaller mesh sections. Moreover,
~ature at 2 to 5 years old, they take up adultstriped bass frequently catch their maxillaries
migrator~ patterns and travel over the entirein mesh too small to gill them, but few bass
area. are caught in mesh too large to gill .them. A

third important bias is that the thicker net
~ETr~ODS twine used in the larger meshes~ makes them

Description and evahtatiorr less efficient. Wh.ile the last item counteracts
the first two, the first two were probably moreThe main groups of striped bass were cap-

tured with drift gill nets and tagged in theimportant, biasing the sample towards catch-
western Sacramento-San Joaquin Delta eaching larger fish.
spring. This time and location was selectedMost bass were tagged with disk dangler
under the hypothesis that it would provide atags, although other tags were used for evalu-
representative sample of the mature popula-ation purposes (Chadwick, 1963). Also, 150
tion, since spawning occurs only in the spring,to 400 of each spring’s 1,943 to 4,378 disk
in the tagging area or upstream from it. Alldangler tags were reward tags. While these
mature fish probably migrate through thisdifferent tags affected recovery rates, they are
area each spring, ignored in this paper as they are unimportant

Tagging was done at five locations in thein interpreting migration patterns.
western Delta. These were: Sacramento River Only legal-sized fish were tagged (16 inches
at Chipps Island (A, Figure 1), Sacramentoor over total length). Fork length was inca-
River at Chain Island (B, Figure 1), Sacra-sured to the nearest inch.
mento River off entrance to’ Sherman Lake To identify which tagged fish, recaptured
(C, Figure 1), Broad Slough (D, Figure 1),more than 1 year after tagging, were 25+
and San Joaquin River below False Riverinches long, growth of tagged fish was ap-
(E, Figure 1). Throughout this paper fishproximated from recent growth data (Robin-
tagged at these localities are desigaaated asson, 1960). All those 22 to 24 inches long
representative of the western Delta population,at tagging were assumed to be at least 25

Additional striped bass were caught forinches long one year after tagging; those 18
tagging in wire fyke nets (Halleck, Fry, andto 21 inches long at tagging were assumed to
LaFaunce, 1957) at Fremont Weir in thebe at least 9.5 inches long two years after
upper Sacramento River (F, Figure 1) in Maytagging; and all tagged fish were assumed
1958, in gill nets at Prisoner’s. Point in theto be at least 25 inches long three years after
eastern San Joaquin Delta (G, Figure 1) intagging. This rough approximation ignores
the spring of 1959, and by angling and gillevidence of slower growth of tagged fish
netting in San Pablo Bay (I-I, Figure 1), and(Chadwick, 1963).
.western Delta in the fall of 1958. In 1960 and 1961 each individual was sexed

Since fishing gear and methods were.~ome-externally. Those from which milt could be
whdt selective the tagged sample does notexpressed were recorded as males. Others
represent the population exactly. Gill netswere assumed to be females. Internal exami-
used in 1958 were multifilament nylon withnation of fish initially sexed externally showed
six panels of equal length, ranging in stretchedthat about 95% of the males present in the
mesh size from 4% to 7 inches by %-inchDelta during the tagging period could be
increments. Nets. used from 1959 to 1961sexed correctly by external examination.
had eight panels, ranging from 4 to 7 inchesFish tagged in the western Delta (A through
plus an 8-inch panel. E, Figure 1) were initially stratified by size,

Graduated mesh nets tend to catch varioussex, and tagging area and time. The effect of
sizes of fish randomly, but several biases exist,each of these on migrations was examined by
In this study the panels were arranged incomparing the proportional distribution of
order by size, and the end with the largestfirst-year recoveries among geogrgphical areas
mesh was usually lald out first and picked(Figure 1) and months. No statistical test
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330 I-IAROLD K. CHADWICK

is available to determine the sigaaificance ofT^nL~ 1.--Summary o] striped bass taggb~g TAnL1

geographical, and seasonal differences simul- ~can sex
taneously. Hence, they were analyzed inde- Nnn~- fork

Tagging Tagging bet length
pendently by chi-square tests. This is a ratherTag group    localities* dates tagged (inches)
inefficient statistical procedure. Many sam-sp~ing tagging
pies were small, so only rather gross differ-Western Delta1958 B through E 11 April-5 June 4,378 22.1

~a~
ences could be detected. The number of strataWestern Delta A tl~rou~hE 6 May- 4,262 21.7 group

1959                          i1 .l’nne
were reduced by grouping areas and monthsWestern Delta A through E 6 April- 4,317 22.6 1~d8

1960 2 Jnne 1959to obtain expected values larger than five inWestern Delta B through E8 April- 1,943 23.1 1960
1961 23 May 1961most cells to satisfy sample size requirementsFremont Wei~ F 29 April- 890 19.0
1958 20 May z V;for chi-square tests. Eastern Delta G 15April- 1,146 22.9 talnim

Defining migrations from tag returns has 1959 9June are

inherent limitations, since returns reflect an-~all tagging
San Pablo Bay H 0-6 Sept.-- 750 18.7

gler harvest, which is affected by many things 1958 13 Nov.
Western Delta A throogh E 6 Oct,- 628 23.2

besides the presence of fish. For striped bass 1958 4 Dee.
the most important probably are: * Letters refer to localities in Figure i. A]

1) Seasonal changes in feeding habits-- retur

striped bass are relatively invulnerable nece:

during the spawning season and during The importance of these factors andpossi- time

the winter when their’feeding is muchbly others cannot be measured quantitatively, retur
the assessment of annual differences tkmakingreduced.’, SO

in returns difficult. These factors have less
2) Weather--Strong winds frequently makeeffect on the assessment of differences amongfishing imp°ssible" Prevailing west

vari°usgr°upswithin anygivenyear"winds during the summer particularly While tag returns from this study are very G~limit fishing in San Pablo Bay.
useful for showing long-term trends and dif- ityThe time rain starts in the fall can alsoferences in migratory patterns, returns were cant~be important as rain inhibits fishing.

For example, the good fall fishing in
too few to show short-term differences well.

i.
(Tal

Supplementary infor~nation on the migra,         f~o~the Delta in 1958 probably, resultedtions of males and~emales was obtained from "thefrom "warm rainless weather extending
observations of sex composition of the angler in 1through December.
catch in the Delta during the spring of 1961 12.4’3) Availability of boating facilities--Most and 1962 and in San Francisco Bay in the San

anglers fish within a few miles of boatspring of 1961. Gonads of all fish, except cove
launching or berthing facilities. Theripe males, were examined (Chadwick, 1965). 7~8~relative scarcity of these facilities in

in" tlthe Suisun Bay area reduces angling Western Delta spring population recothere, even though most adults migrate
through the area twice a year and manyDescription o] tagged population.--In the in 1

winter there, springs of 1958-1961, 14,900 striped bass the
were tagged in the western Delta (Table 1). devi:

4) Water turbidity---Turbidity is greater
Mean lengths for each year’s group were lead:

in the Delta than in bay areas, prob-
similar, grat:

ably making angling less effective in
Few small females were caught. Only 10 ernthe Deha.

and 6% of the females tagged in 1960 and tagg
5) Changes in fishing techniquesThese 1961 were less than 22 inches FL, but 49 igno

.will be discussed later, and 47% of the males tagged were less than ".T,
In addition, while in the ocean, striped bass22 inches. As a result, approximately 73 rain,

are caught chiefly in the surf. They may welland 64,% of the bass tagged in 1960 and 1961 Delt
occur elsewhere in the ocean but be invuLwere males. Respective mean fork lengths pi~tt~
nerable. In this case, tag returns would re-were 21.6 and 21.7 inches for males and 25.2 f~l~
flect ocean migrations poorly, and 25.5 inches for females. B~f(
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~~ SACRAMENTO--SAN JOAQUII~ RIVER STRIPED BASS MIGRATIONS 331

~
whether tagging area, tagging time, fish length, or migrat~atr pattern based or~ first year returns, ]ram

Mean sex o//ected area or time o/recovery signi/icantlyastriped bass tagged in the Western Del~ br springs
fork o] 1958-1961
ength Tests for differences Tests for differences ¯
,nches)~ "" ~ in recovery .area in recovery time " Percentage returns by

length groups (inches)Tag- Tag-
9.2.1 :" ging Tag- ging Tag- ’ Recovery localityz .’ 15-20 21-24 25+~:~ Tag local- ging Length : local- ging Length
21.7 group ity time group Sex ity time group Sex Upper San ~oaquin Pdver (3) 0.1 0.0 0.0

: Eastern San ~oaquin Delta (9.) 1.7 1.9 1.929’.6 1~58 0.40 0,03 <0.001 0.48 0.30 <0.001 Mokelumne B.ivcr and Delta (6) 1.0 0.7 ’ 0.61959 0.09 0.23 <0.001 0.62 0.053 <0;001 Western San Joaquin Delta (i) 6.6 7.1 8.623.1 1960 0.74 0.93 <0.001 0.004 0.82 0.15 .0.19 0.55 Upper Sacramento River (5) 7.1 6.3 4.91961 0.79 0.23 0.02 0.60 ,.0.85 0.13 0.28 0.99. Lower Sacramento River (4) 10.1 7.2 7.019.0 ’ "’
x Values in table are tlm approximate probabiliti¢~ of 0b- Suisiu Bay" Area (7) 7.5 4.3 6.0

9.2.9 raining a larger X’~ vah,e by chauce. Only first ’year rcturns Montezuma Slongla Area (8) 0.7’ . 1.i 0.7
Carquincz Strait (9) 7.7 5.~ 4.3

arc inclqdcd. :’ ", Napa River (11) 4.4 2.9 4.4
San Pablo Bay (10). 18.1 12.7 11.3

18.7 Petaluma Creek Area (15)
¯ 0.1 0.3 0.4

San Francisco Bay (12) " 32.1 44.4 ’33.0
9.3.9. ’ " " General results Pacific Ocean ( 13 ) 9-.8 5.6" 16.9

x Numbers in parentheses referto recovery locations des-About 4,600 or 31% of these tags were ignatedinFignre i. ¯ : .... ’"

returned through the spring of 1964. It is
necessary to understand how tagging locality, 31 May, and June. Returns differed signifi-

possi-’ time of tagging, length of fish, and sex affectcantly in place of recovery only in 1958, and
dvely, returns before migrations can be interpreted,returns did not differ significandy in time of
:ences so these are examined first, recovery in any year (Table 2). The small
e less differences observed showed no consistent
,mong E[fect of population characteristics on trend. Hence striped bass occurring in themigrations                   Delta at different times in the spring also
~. very Geographical components.--Tagging local- migrate similarly, so time of tagging can be
d dif- ity within the western Delta did not signifi-ignored.
were cantly affect the time or place of recapture Length groups in lower Delta.--Tagged fish

. well . (Table 2). The only appreciable departureswere divided into three length groups: 15
nigra, from expected proportion? were returns fromto 20 inches FL, 21 to 24 inches, .and 25.
[from ~the San Joaquin River and adjacent sloughsinches and larger. Return’s differed signifi-
angler in 1958 and 1959. In those years, 17.3 and.~ cantly in place of recovery in all years and
¯ 1961 12.4% of the returns from bass tagged in thein time of recovery in 1958 and 1959 .(Table
in the San Joaquin River at location E were re-2). This dearly indicates different sized
except .~ covered in the San Joaquin Delta, while onlystriped bass migrate differently.
t965). 7.8 and 6.5% of the returns from fish taggedThe greatest difference among the three

in the. Sacramento River at locality G wereg,roups~sh moved Yarther
recovered theie. This difference did not occurd~eam_.~eL~rn~- from Carquin~ ~rait-

In the in 1960 and 1961, nor did the returns from
I bass the Sacramento River ’show an.y appreciable ~~__m~B_B~
~le 1). deviations h’om expected .proportions. This ~ere highest for 21- to 24-inch fish, and those
. were leads to the conclusion that striped bass mi-

grating through various portions of the west- -tn-c-h a-’fffi-d-~i.sh,. (..Tab!,e 3). These differ.
nly 10 ern Delta in the spring migrate similarly, so~re.cons~stent i,n all years, e~cept that
i0 and tagging localities within this area can bethe San Pablo Bay returns in 1960 and 1961
~ut 49 ignored in analyzing migrations:- were similar for all group’s. " ......
;s than ",Time o] occt~rrence in Delta.---To deter- : In. addition~returns .from the’ Sacram~ritb
~ly 73 mine whether striped bass occurring in theRi~er Were generally :higher fo~
d 1961 Delta at different timeshad simil~ir migrationla.f.e~ fir sh. ~0ns from e~pected x2 values
lengths patterns, tagged fish were divided into thewere relatively small, but they were~consistent

td 25.2 fd~l~wing five gro~ps b~. time of tagging:fbr the "smallest and largest sxze groups, ex-
Befoi’e 20 April, 20-30 April, 1-15 Ma’y, 162cept for 25+ inch fish:qn~-1961.’~:" , ’ "
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332 HArtOr.D K. CrtADwrc~:

TABL~ 4.--Percentage o! males ~n spring samplesTAB~.~ 5.--Summary o] seasonal striped bass migra.
~oo~]rom the Sacramento-San Joaqu~n Delta               t~ons ]rom June 1958 through May 1962

Date      1960          ¯ 196I              19’62                                  Tag returns by months*                         I---------~-
Gill net Gill net Angler caught Angler caught - Dec- Mar- Annual

~. taa Pro

Locality**    ~ Sep Oct Nov Feb May total
1-30 March 76 87
1-15 April 76 91 70 74 Upper Sacramento

73 46 46 49 1.15 o16-30 April River (5) 0.03 0.02 0.04 0.04 0.080.94
1--15 May 70 63 53 57 Upper San ~’oaquln

16-31 May 75 50 78 72 River (3) O    0 0 0 u_
0.31 1.080.10 0.62

Sulsun Ba~" (7 & 8) 0.105Seasonal total 73 64 59 66
Delta (I, 2 4 & 6) 0.~ 0.’~57 2~..83

0,12 0.20 0.34 0,180.07 1.01
Carqainez Strait                                                                    -

and Napa Biver
(9&ll)       0.51 0.26 0.26 0.22 0.15 0.07 1.47 ~ ~o -

Sex.--Place of recovery differed signifi-    (10&15)0.47 0.~4 0.68 0.~ 0.160.18 ~.1~
San Franciscocantly for males and females in 1960, but not]Bay (12) 2.04 0.85 0.86 0.50 1.070.38 6.30

in 1961 (Table 2). Time of recovery did notPacific Ocean O
(13) 0.85 0.20 0.12 0.04 0.01 0.02 1.24 1958 |95’

differ significantly in either year (Table 2).Total 4.75 1.89 2.47 2.08 2.222.74 16.15
Since the average size of males in the tagged Fmua~. 2.--* Numbers are the mean percentages of numberstagged.

sample was smaller than the average size of Only first-~ear returns from each year’s tags were used. +bass migratio~
indicates less than 0.05. western Delt~females, the effects of length and sex were** Numbers in parentheses refer to recovery areas in returns from

confounded in these results. An attempt was~igure 1. estimated to
made to separate them by comparing mlgra-
tory patterns of different size groups of each Mature females outnumbered mature males
sex, and by comparing migratory patterns ofin the San Francisco and San Pablo Bay peaked in 0
eachsex within each size group. Small samplecatches through the spring. Large numbers and Delta
sizes caused ineoneluslve results, however, of spent females were present there by late to a peak

.. Since deviations from expected x2 valuesMay, while spent males did not appear in caught in tl
were smaller for sex than for length, it isnumbers until June, indicating that males the fall.
probable’that size was the primary controllingprobably spent more time on ,the spawning During t
factor. However, additional data are neededgrounds than females. This would also con- /ularly in a
to confirm this. ¯ tribute to the disproportionate sex ratio in Francisco

While tag returns did not indicate impor-both areas, were from
rant differences in migratory patterns for a substanti
males and females, the sex composition of Annual migration patterns there.
the tagged population itself suggested impor- General pattern.--During the summer, the During t
tant differences associated with sex. As pre-vast majority of bass were downstream from Delta or u
viously mentioned, 73 and 64% of the stripedSuisun Bay (Table 5). Most tag returns came areas, but
bass tagged in 1960 and ~961 were ripefrom San Francisco Bay, but substantial num- mento Rivt
males. Over half of those caught by anglersbets were taken in the Pacific Ocean and the peak. Rett
in the spring were also males (Table 4). Thus,Carqulnez Strait-San Pablo Bay area. Vir- were low.
males were more abundant than females in thetually all tag returns upstream from these slightly ove
Delta during the spring. Essentially all bassareas were either late downstream migrants spring fisht
observed there were mature, caught in early June or early upstream mi- Very fe~

In contrast, 76% of 823 striped bass oh-grants caught in late August. upper San
served on nine days between 8 April and 24Ocean returns rang.c.d_ from the southern- 1964.
June 1961, in the sport fishery in San Fran-part o~ ~Mo_n_teer y__Bay toTom~, which Variatior
eiseo and San Pablo bays were females. At~-i-0~outh and z15 miles north tag return
least 40% of the females and 79% of the malesof the Golden Gate, respectively. Recoveries chi-square
observed there during April and May wereoccurred as fa~ of_q~ko/.e._a_s. 10 miles off San proportion
immature. These data indicate that immatureFr~nelseo.-- ’ from each
males and ~i~s-~l’id not migrafe td ~heFall tag returns demonstrate~l an upstream rejects the
D’eql~fi~qid"s’~’m~fem-m~ mature ~ifemigration. San Francisco Bay and Pacific (x2:321.]
than males (Scofield, 1931), females domi-Ocean returns declined throughout the fall; these diffe~
hated bay area catches during the spring. Carquinez Strait-San Pablo Bay area returns

i ferences an,
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May total
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1955 1959 1960 1961 1962 1963 1964
0.09. 1.~., 1958 1959 1960 196l 1962 |963 1964

0-.7,~ ].6.]=~
YEAR YEA’R

~mbers tagged. ~IGURE 2.--Annual variations in summer striped FzarJ~. 3.--Annual variations in fall striped bass
were used. -{- ])ass migrations based on: A, first year rcturns from migrations based on: A, first year returns from

western Delta fisl~ tagged during die +spring; B, western Delta fish tagged during the spring; B,¯ very areas in returns from western Delta tagged ~ish which were returns from western Delta fish tagged during the
estimated to be 25 inches or larger wheu captured,spring which were estimated to he 25 inches or

larger when captured.

xture males
Pablo Bay ~ peaked in October and declined in 1November;factors which are either independent of mi-
;e numbers and Delta and Suisun Bay returns increasedgrations or give a biased measure of migra-
~re by late to a peak in November. Very few bass weretions. Some of these factors are discussed in
appear in ~cra~ the Methods section. There is no quantitative

that males "th~-fall. "7 way of differentiating effects from these
~- spawning ""13"d~ng the winter, fish were caught reg-sources.
d also con- /ularly in all areas fro~~n Summer distributions (June through Au-
~x ratio in ~. The largest number of returns varied appreciably (Figures 2a and b)............... gust) .

~ere from San-~ran~-~’~ o ~-,~a-~cat~ng +~atVariations were similar for the whole popu-
. a~robably winters ]ation and for 25+ inch fish, but the larger

ns mere. ~ fish were usually located farther downstream.
ummer, the "~ "~uring the spring, most fish were in theMigrations into the Pacific Ocean were great-
.tream from " Delta or upper Sacrameuto River. In bothest in 1958 and 1964. The population was
eturns came areas, but particularly in the upper Sacra-located farthest upstream in 1959, and it was
:antial num- " mento River, returns reached their annualconcentrated most heavily in San Francisco
can and the peak. Returns from all downstream areasBay in 1960, 1961, and 1963.

area. Vir- were low. San Pablo Bay returns increasedDuring the fall (September through 1Nlo-
from these slightly over winter returns, reflecting an earlyvember) of 1958 through 1961, the whole
m migrants spring fishery in the western part of this Bay.population and the larger fish migrated some-
pstream mi- ¯ Very few striped bass were caught in thewhat differently (Figures 3a and b). The

upper San Joaquin River between 1958 andfraction of the whole population caught in
’ae southern ¯ "i 1964.. San Francisco Bay increased steadily; in San
Bay, whleh Variations in annual tnigrationz.---Annual Pablo Bay it declined steadily, and in Suisun
miles north tag return patterns differ substantially. ABay and the Delta it remained constant. Re-
Recoveries chi-square test of the hypothesis that theturns of 254- inch individuals differed in that

,iles off San proportion of each year’s returns comingthe fraction from San Pablo Bay was greatest
frown each recovery locality was constantin 1959 instead of 1958, and Suisun Bay and

an upstream rejects the hypothesis at the 99.9% levelDelta returns fluctuated appreciably. Over
and Pacific (x~ = 321.1; x=.0o~. ~z a.f. = 80.0). However,the seven-year span, the fraction of larger
,ut the fall; these differences reflect both migration dif-fish caught in San Francisco Bay gradually
area returns ferences and changes in the fishery caused byincreased, the fraction caught in San Pablo
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TABLE 6.---~mua[ geographical distribution o! tag These differences certainly reflect variations
returns /tom striped bass caught in the Pacificin the fishery, but they may not indicate
Ocean

migration changes. For example, the excel-
Percentages of totala’nnual ocean recoverieslent 1958 Delta fishery at least partially re-

Locathm 1958 1959 1960 1961 196B 1963 1964 fleets unusually good fishing weather. More-
MarlnC0~,atr over, true differences of this magnitude in

beaches 5 6 5 6 8 18 16
SanFranciseo winter distribution are unlikely, since fall

sanbeachesMateo Coun-
47 69 58 32 43 30 14 distribution is relatively constant.

tybeaclms 27 16 25 58 29 47 59 Except for 1959, 1960, and 1961, springSanta Cruz Cottn-
ty and Monte- tag returns are also too limited to reflect therey Bay beaches 19 6 5 3 15 ~ 0Boats out of San fishery. Twenty-four percent of the 1961 re-
Franclseo 2 4 18 1 5 9 11

turns came from San Franelsco Bay. This is
Number returned 129 51 106 69 65 47 87 about twice the 1959 and four times the 1960

percentages. Spring recoveries in the Delta
Bay declined, and the fraction caught in Sul-were 50, 47, and 36% of the respective totals
sun Bay and the Delta fluctuated with a slightfor the 3 years. Percentages from the upper
downward trend. Fall returns from the OceanSacramento River were 20, 35, and 30 re-
varied some but showed no trend, spectively.

These trends suggest that as the study period Both the fraction of total returns which
progressed the population tended to remainwere from fish caught in the Pacific Ocean
in San Francisco Bay longer in the fall, thatand the geographical (Table 6) and seasonal
fish migrated upstream through San Pablo(Table 7) distributions of ocean returns varied
Bay more rapidly in the fall, and that eitherfrom year to year. Surf fishermen along San
the fraction going to the Delta decreasedFrancisco and San Marco county beaches
slightly, or the migration was delayed, orwere responsible for most ocean recaptures.
both. Returns from the Delta are too few toThe distribution within these two areas varied
indicate the migration’s timing precisely, greatly and was not correlated with the extent

There were enough winter (Decemberof southward movement. Only in 1958 and
through February) tag returns to indicate the1962 were substantial numbers of striped bass
geographical distribution of the catch onlycaught south of San Mateo County.

in 1958, 1959, and 1960. In 1958, 50% ofVery few striped bass were caught .north
all winter returns were from the Delta, almostof the Golden Gate (Marin County), prob-
another 25% were from Suisun Bay and theably refleetlng both the predominantly south-
upper Sacramento River, and only 4% fromern direction of movement and more limited
San Francisco Bay. In marked contrast, 69fishing access north of the Gate. This fraction
and 58% of the 1959 and 1960 winter returnsincreased toward the end of the 1958-1964
were from San Francisco Bay. The few re-period.
turns in subsequent years follow the 1959 During this period of relatively great ocean
and 1960 pattern, migrations, no tagged fish were takdn more

T^nLr. 7.--Variations in timing o] migrationsto Pacific Ocean as indicated by tag returns

Month June 1958- June 1959- Jnne 1960- J’nne 1961- June 1962- lone 1903- lune 1964-
recaptnred May 1959 May 1960 May 1961 May 1962 May 1963 May 1964 January 1965

Jnne 12 27 18 14 2 17 5
Jnly 28 -09 44 26 38 30 19
Angust 17 14 0.7 30 29 21 59
September 19 -0-0 8 -05 f19 -01 16
October 16 4 3 0 2 11 0
November to May 9 4 0 4 0 0 0

Number returned 129 51 106 69 65 47 37
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ns TAIIL~ 8.--Conwar~otr o] July 1958 through June TABL~ 9.--Cornp~on o] ]irat-year returt~ ]rom
~ 1959 returns Irom 15-20 inclr striped b~s trigged striped b~s tagged in Eastern San Jo~uitr Ddta~te in upper Sacrameuto River and ~estertt Del~ in     with. those tagged in ~estern Deltu in spring o]

el- wring o] 1958 1959

Percentage of Percentage of Percentage l~ercentage
;’e" Jaly through March thrne~h of ~une o~ ~ovembcr
i~ Eel~nta~ returns ffune rctnrns throngh October through May

all Upper Opper
West- Sacra- W~xt-                                   East- West-    East- West-

llecovery River Delta lliver Delta Recovery Delta Delta Delta Delta
Bg Iocalfty* tags tags tags tags Iocality~ tags tags tags tags

he San Joaquin Delta Eastern San Joaquin Delta
(1, 2, ~, fi) 12 10 18 28 (2,~) 0 * 14

Ce" Lower Sacrameato River (4) 10 ~ 18 21 Western San Ieaquin Delta
Upt~cr Sacramento River (5) 4 i 61 23 ( i ) 2 2 15 12

iS Saisen Bay (7, 8) i0 5 2 l Upper Sacramento River (5) 2 1 I5
60 Carqn.lncz Strait ( 9 ) 9 10 ~ 8 Lower Sacramento River (4) 2 4 10 13

26 29 2 8 6 8 10 7San Pablo Bay (10 + 15) Suisun Bay (7, 8)
Ira Napa River ( 11 ) 9 7 0 5 Garquincz S~ait ( 9 ) 9 9 3

San Francisco Bay (12) 18 24 2 15 San Pablo Bay ( 10, 15) 14 18 6 7
als Pacific Oce;m (13) 2 7 0 X Napa River (11) 11 5 1 4

)er
Nnmber of returns 104 242 62 75 San Francisco Bay (12) 46 47 24 35

Pacific Ocean ( 13 ) 8 6 0
¯Numbers in parentheses refer to recove~ areas defined Number of retnms 90 328 78    298re- iu Figure 1.

¯ Number in paren~eses refer to roeove~ areas defined
in Figure 1.ieh ~ Indicates a percentage between 0 and 0.5.

:an tl~ of t~t~his was

led th~on Coas~ must hav~ig4~ used were size selective for king sahnon
~an California migrants (Morgan and Gerlach,(Oncorl~yncl~ tslmwytscha) (~allock, Fry,
hes 1950). and LaFaunce, 1958). Because 76~ were less
:es. Ocean returns were ]arge]y restricted to thethan 21 inches long, only migrations of
led surf excep~ in 1960, when several taggedto 20-inch Fremont Weir and western ~elta
ent individuals were caught near the San Fran-bass were compared.
~nd cisco lightship, about ~0 miles off the Call- Migrations were similar for the two groups
,ass fornia coast. ~one was caught fl~is far offfrom July 1958 through February ~959, as

the coast in other years. Judging from fisher-recovery areas did not differ significantly
,rth men’s reports as well as these returns, there(x2= 12.2; x2.o~. ~ ~.~. = 12.6) (Table 8).
"ob- was a real difference in 1960 population ais-~owever, in the_sprlng o~ ~959 a much
~th- tribution, h~her percent ~ "" ~-X

~ted Ocean returns were largely confined to theulat~on returned to the u~er Sacramento~

:ion period June through September (Table 7).~~~ clean.of strong homing

964 Exceptions occurred in 1958 when many~~~er_ Sac~r6
tagged striped bass were captured in OctoberRiver~~ known whe~er these are pro-
and a few through the winter, and in 1963~fish which spawned there, or whether

eaR
when 11% of the annum total recaptures wasthey developed this pattern later in life.

lore
caught in October. Catches usually peaked inEastern San Joaqui~ Del~.~Striped bass

July. The only major exception occurred intagged at ,Prisoner’s Point in the eastern San
1964, when ahnost 60% of ’the fish wereJoaquin Delta were somewhat larger than

~ caught in August. those tagged in the western. Delta during
spring of 1959 (Table 1). Despite this size

,s~ Other pop~tion compo~te~t~          difference, returns from the two groups were
1965~ Upper S~ramemo River.~Striped basssimilar, with the main difference occurring

ta,~--~ at Fremont Weir on the upper Sacra-from November 1959 through May 1960,
mento River in the spring of 1958 were con-when western Delta fish were farther down-
siderably smaller than those tagged in thestream (Table 9). The greatest difference

~
Delta (Table 1). Fyke net size selectivity maywas in returns from the eastern San Joaquin

~
have caused this difference, since ~e netsDelta. There the percentage for eastern Delta
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TAnr.E lO.--Comparison o] returns ]rom striped bassTABLE ll.--CompaHson o.f June through December TAar.E 12.-
tagged in San Pablo Bay in the Jell o] 1958 and in 1959 returns ]rom striped bass tagged in San Pablo in 1958-I
the F/estern Delta in the spring o] 1958 Bay during the Jell o] 1958 and in the l~estern"

Delta during the spirng o] 1959"
Percentage of Percentage of

November through March througb Percentage of Percentage of :, Recovery IoFebruary returns May returns Recovery San Pablo Western
" San West- San West- locality~ Bay tags Delta tags
" Pablo em Pablo ern San Joaqnin Delta (1, 9., 6) 9 6 Upper Sacran

Eastera Delta~ecove~ Bay Delta :Bay Delta Sacramento River (4, 5) 13 6 Lower Sacranlocality* tags tags tags tags Sulsun Bay (7, 8) 7 11 Western San.Carquinez Strait & Nape River (9, 11) 18 13 (1)San ~oaquin Delta (i, 2, 6) 25 22 19 9.7 San Pablo Bay (i0, 15) 18 15 Suisun Bay (~Sacramento :River (4, 5) 14 27 19 42 San Francisco Bay (12) 33 47 San Pablo areSuisun Bay (7, 8) 5 11 9. 4 Pacific Ocean (13) 1 9.
River (9, 11) 6 12 8 4 Number of returns 87 372 Pacific Ocean

Carquinez Strait and Nape .... L. San Franeise~

San Pablo Bay (10) 42 17 9.8 8 Total perce~
San Francisco Bay (12) 8 9 24 19. * Delta sample includes only bass 15 to 9.4 inches long
Pacific Ocean ( 13 ) 0 2 0 9. at tagging. Total numb

Nnmber of returns 85 278 90 156 "~ Numbers in parentheses refer to recovery areas defined
in Figure 1. a Figures i~

u 1950_5o.
¯ Numbers in parentbeses refer to reeovery areas defined                                                      They are pri,~

in Figure i.                                                                                                                          ~ 1958-61
Suisun Bay, while only 10 of 93 returns from spri,~g in the

bass was almost three times that for westernfish tagged in the western Delta during the
spring of 1958 came from areas downstream

the westerDelta bass. Considering all first-year returns,
from Sulsun Bay. These early downstreamareas of recovery differed significantly for primarily
recoveries could be either individuals which         the Saermthe two groups (x’z = 18A,; x~.9~. 9 a.~. = 16.9).
returned to the Bay before spawning or earlySeventy-eight percent of this x~ value results from San

from deviations from expected eastern Deltaspawners which migrated downstream rapidly, of 1959, ~
From June through October 1959, fishreturns, cdnfirming that striped bass tend to San Pabh

return to the same spawning area they used
tagged in the western Delta in the fall of 1958

and a hi
migrated similarly to those tagged there inthe previous year. (Table. 1~

Western Delta fall populatlon.--Strlped bass the spring of 1959. In contrast, 70% of 27 San Joaq~
fall-tagged fish recaptured between November

tagged in the western Delta during the fall the Sacra
(mostly late November and early December) 1959 and March 1960 were caught in theSan Pabl,
of 1958 were about the same size as those Delta, while only 33% of comparable returnsin winter

from the 1959 spring-tagged group were from failure o~tagged there in the spring (Table 1). They
the Delta. This was further evidence that the

could logically be assumed to represent the Bay samF
adult bass which migrate back to the Deltamature striped bass population was divided Throug
in the fall, overwinter there, and spawn be- into rather distinct components, which could

be distinguished by the nature of their migra- striped b~
fore migrating downstream. Tags returned

tion to the Delta. migrated
through February supported this, as all were tagged i~
recaptured upstream fromCarquine~ Strait.San Pablo Bay ]all population.--Striped

However, in March 1959 two returns were
bass tagged in San Pablo Bay in the fall of (Table 17

received from San Francisco Bay, two from1958 averaged only 18.7 inches FL, with 61% fish retu’,
more De]

San Pablo Bay, and eight from Delta areas,being under 20 inches long. Since many im-

Since the two caught in San Francisco Baymature females were present in San Pablo Bay.

were large enough to be mature, and sinceBay at this time of year, this group, which

striped bass had never been found spawningwas absent in the Delta samples, was presum-

this early in the Sacramento-San Joaquinably well represented in the San Pablo Bay CI.

system, these returns suggested that somesample. While
mature bass migrate to the Delta in the fall,Tagging in San Pablo.Bay extended from migratior
and move back to the Bay during the winter.26 September through 13 November. All Oe- was simil
Presumably, these would have returned to thetober recaptures came from areas downstream 1952 (C
Delta to spawn in the spring, from Suisun Bay; but in November, 17 of 52 there we~

During April 1959, 16 of 39 returns fromreturns were from the Delta. The November The. prin
fish tagged in the fall in the western Deltathrough February returns of these tags dif- tended se
were recaptured in areas downstream fromfered from returns of striped bass tagged in 1961, wl:
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¯ ,h December ::~ TAI~L~. 12.--Comparison oj tag returns Jrom striped bass tagged itr 1950-1952 with returns ]rein those tagged
in San Pablo bt 1958-1961
the

September- December- Total per-
June--August October November February March-May centage

Percentage of Recovery localltlesffi 1950- 1958- 1950- 1958- 1950- 19.58- i950- 1958- 1950- 1958- 1950- 1958-Western 52b 61e 52 61 52 61 52 61 52 61 59. 61Delta tngs

6 Uppcr Sacrmuento ~ivcr (5) 1 "~ 0
Eastern Delta (2,3, 6) 2 J" 3 J" 1 1 0 1 10 1 16 3

6 ~ ~ Lower Sacramento Biver (4) 3 1 5 2 3 1 1 1 5 2 17 711
13 ~ Western San Joaquin Delta

(i) 3 ~" 10 1 4 2 4 1 12 3 33 715 Suistm_ Bay (7, 8) 2 1 "i" 2 0 2 1 1 1 ~" 4 647 San Pablo arca (9, 10, 11, 15)15 6 5 9 "~ 3 "~ 2 5 1 25 212 San Francisco Bay (12) 1 17 1 11 0
372 Pacific Ocean ( 13 ) 0 5 0 2 0 J" 0 ~- 0 J" 0 7

Total percentage 26 30 24 26 9 12 6 14 35 17
24 inches long

Total number               80 720      74 699      27 332      19 342     109 421     309 2,514
,, areas deHned a Figures in parentheses denote recovery localities defined in Figure L

b 1950-52 figures are the percentages of total returns from striped bass 15 inches or larger tagged in the western Delta.
They are primarily 1950 through 1952 returns.

e 1958-61 figures are average percentages of June through May returns in first year after tagging for groups tagged each
eturns from spring in the western Delta.

during the t Denotes percentage between 0 and 0.5.

downstream the western Delta during the spring of 1958,San Francisco Bay and the Pacific Ocean, in
downstream primarily in having a lower fraction fromcontrast to only 2% of the 1950-52 returns.
tuals which the Sacramento River and a higher fractionNot only did striped bass migrate farther
ing or early from San Pablo Bay (Table 10). In the springdownstream; they remdined there longer.
Jam rapidly, of 1959, a lower percentage of returns fromMany wintered in San Francisco Bay and
1959, fish San Pablo Bay tags came from Delta areassome wintered in the Ocean.

fall of 1958 and a higher percentage from downstreamNew fishing methods in San Francisco Bay
,ed there in (Table 10). Differences in returns from the(Chadwick~ 1962b) and in the Ocean surf
70% of 27 San Joaquin Delta were less than those fromincreased catches there biasing these returns.

n November the Sacramento Delta. Tim higher returns ofThis did not invalidate the conclusion that
ught in the San Pablo Bay tags from downstream areasmigrations have changed, as is evidenced by
¯ able returns in winter and spring presumably reflect thethe 39% of the 1958-1963 San Francisco Bay
p were from failure of immature bass in the San Pabloreturns caught by anglers fishing in areas
;nee that the
was divided

Bay sample to migrate to the Delta. where old fishing methods are still generally

which could
Through the summer and fall of 1959,used.

their migra- striped bass from the San Pablo Bay sampleAs a corollary to the increased downstream
migrated similarly to the same sized bassmigrations, striped bass did not return to the

’on.-~Striped tagged in the Delta in the spring of 1959Delta until later in the fall and generally

n the fall of (Table 11). However, more San Pablo Bayspent less time there between 1958 and 1961

"L, with 61% fish returned to the Delta that fall, whilethan during the 1950-1952period (Table 12).

ee many im- more Delta fish remained in San FranciscoThe 1958--1961 returns from the San Joa-
quin Delta wer_e_mue ewer m compa~rison

~ San Pablo Bar"

~roup, which DISCUSSION Sa-4r ai~ee~i-o~
was presum- "in--’ret " use o
n Pablo Bay Changes in Migration Patterns TIiN ~-~ ~ pronounce qn upstream areas

While the general nature of striped bassin the spring. Upper Sacramento spring re-
,tended from migrations found from 1958 through 1961turn in~d~rom-~---3~-
abet. All Oe- was similar to that described for 1950 throughturns~n ~an J oaqmn Delt~Area
s downstream 1952 (Calhoun, 1952, Chadwick, 1962a),2) spring returns decreas_ed from 10 to_g_l%.
ber, 17 of 52 there were dramatic differences (Table 12).While the i962 th]-d~ ~9-d~, ~-~ns were
he November The primary change was the much more ex-biased by the growth of tagged fisl.a, migra-
rose tags dif- tended seaward migration from .1958 throughlions remained generally similar to those in
ass tagged in 1961, when 4.8% of the returns came from1958-1961.
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The 1950-52 study was the first quantlta- since catches were large in San Francisco Bay
tire study of adult bass migrations, there about 1940.
being only very limited information on earlier Some physical environmental changes, such ~.o,-

movements (Scofield, 1931). Party boat re-as hydraulic changes caused by pumping
ports from the sport fishery (Calhoun, 1949;water from the southern Delta into the Delta :.o~-
Chadwlek, 1962b) revealed that a substantialMendota Canal, are well documented. Others, _
fishery existed in San Francisco Bay fromsuch as water quality changes associated with
1938 through 194,3. Catches there were smallerincreasing industrial and domestic develop-
from 194,3 through 1955; after 1955 they in-ment, which was counterbalanced by improved
creased rapidly to a level far higher than insewage treatment facilities, are very poorly o

any previous year. This suggested that thedocumented. Biological changes, particularly
1950-52 tagging study occurred during anthose among forage organisms, are also poorly
extended period of low migration into Sandocumented. Hence it is probably impossible ment
Francisco Bay, but that recent migrations intoto determine~the causes of the changed migra-

in up
figurt

San Francisco Bay have been greater thantions,                                              and t
those about 194,0. However, the new fishingSufficient facts are available to suggest retur~

methods undoubtedly increased catches dis-two contributing factors.
proportionately to the number of bass migrat- 1) Average age of bass in the population T]
ing to the Bay. is probably greater, since the size limit was migl

increased from 12 to 16 inches in 1956 and 1.53,
E~/ects o~ changed migrations commercial fishing for salmon and shad, thro~

These changes have decreased fishing suc-which incidentally killed many large striped at L
cess in the Delta and increased success inbass (Skinner, 1957), was stopped in 1957. i7~0
San Francisco Bay (Chadwick, 1962b). WhileThis would contribute to. migration changes Sine
supporting statistics are not available, obser-since larger bass migrate farther downstream, and
vations indicated a shift in effort and success 2) Water quality has improved in the shal- teml
from the San Joaquin Delta to the Sacramentolow areas of San Francisco Bay as the result enti~
River. of improved sewage treatment. During the inde

The decrease in returns from the San Joa-early 1950’s, there was often no dissolved earl
quin Delta. and the increased returns from theoxygen in marginal areas, but there are in- migl
upper Sacramento River during the springsufficient facts to define the extent and ira- use�
suggest a change in the relative use of theseportance of this factor. .chin
areas for spawning. Data on the relative dis-

Factors a~[ecting ocean migrations
T.

tribution of eggs and fry are insufficient to war,
test this hypothesis. Hbwever, data on the Radovich (1963) concluded that the sum-- fish,
midsummer distribution of young-of-the-yearmet downstream or seaward migration of earl
striped bass support the hypothesis. Specifi-striped bass from the Sacramento-San Joaquin thrc
cally, the ratios of catches in the San Joaquinsystem is greatest when coastal sea tempera- of
River at Antioch to catches in the Sacramentotures are warm. He based this on positive (Fi~
River above Collinsville averaged 1.4d, fromcorrelations between mean annual ocean tern.

"! con

1953 through 1957 and 1.04 from 1958peratures off central and southern California sha:
through 1962 (Chadwick, 1964,). and the striped bass commercial boat catches Fra

between 1920 and 1931 and an "index of tion
Causes for changed migrations seaward migration" derived from the sport surf

Migrations were rather consistent withinfishery in the Delta and San Francisco Bay con
each period but quite different between thefrom 1938 through 1959. Further, he by-.~ the~
1950-52 and 1958-64 periods, indicating thatpothesized that this seaward migration ex.
migration changes must have been caused bytended out into the Ocean during warm years,! nifi
major differences in either the environmentalthough records of striped bass occurrence~" tur~
or the bass population. The present patternin the Ocean were insufficient to demonstrate

fi

are
may well be a reversion to earlier conditions,this conclusively, cur
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levelop- / ..~, ~, :~
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poorly ,,~o ~, ~z          ~ ~, ~o ~, ~o ~ ~. o

icularly YEAa ~ |
¯ poorly FlcuRl.~ 4.--Comparison of index of seaward move-
~ossible ment (average daily catch per angler on party" boats
migra- in upper San Francisco Bay divided by a comparable

figure from the Delta) developed by Radovieh (1963)
and the extent of ocean migrations indicated by tagFxcu~g 5.--Comparison of surface sea temperatures

suggest returns, at the Farallon Islands, California, and flae percentage
of summer tag returns from striped bass 25 inches or
more long which came from fl~e Pacific Ocean.

~ulation The 1960 through 1964 "indices of seaward
nit was migration" are 2.,1,36, 2.4,71, 2.284,, 2.788, andonly available quantitative measure of the
’56 and 1.53,1, (unpublished data), Respective 1961ocean fishery. They presumably reflect the
! shad, through 1964 mean annual sea temperaturesfishery quite well, but there is" no way of
striped at La Jolla and Pacific Grove are 16.5, 16.2,knowing how well the fishery reflects ocean
~ 1957. 17.0, and ~6.7, and 13.1, 12.6, 13.4, and 12.8.migrations.
~hanges Since 1956, the correlation between the indexNeither the tag returns nor recent observa-
,stream. and sea temperatures has been poor, as seations of the fishery indicate a close correla-he shal- temperatures have varied over ahnost thetion between the magnitude of the Ocean
e result eutire range for the 27-year period, while thefishery and sea surface temperatures. Calhoun
ing the index has been uniformly higher than in(1952) reported spectacular surf fishing for
issolved earlier years. As Radovieh pointed out, thisstriped bass in 1948, and two of the few fish
are in- might be caused by new fishing methods nowtagged in 194,7 were caught in the Pacific
md ira- used in San Francisco Bay, rather than by aOcean that summer. However, there were no

change in relationships, reported ocean returns from the 5,632 fish
Tag returns and Radovieh’s index of sea-tagged in 1950, 1951, and 1952, and observa-,ns

ward movement both indicate a greater oceantions indicate very few bass were caught in
te sum--- fishery in the 1958-1964, period than in thethe Ocean from 194,9 through 1957. In 1958,
tion of early 1950’s (Figure 4,). However, from 1958ocean fishing was spectacular as far south as
Ioaquin through I964 the index and the percentageMonterey Bay. Every year since then, ocean
empera- of summer tag returns from the Oceancatches and tag returns have been substantial.
positive (Figure 4,) have a highly signlfieant negative In 194.8, the mean annual sea temperature
an tern- correlation (r =-0.827). Thus, when a largeat La Jolla was the second lowest ever re-
lifornia share of the bass populatiou moves into Sancorded, and the mean at Pacific Grove was
catches Francisco Bay, the index gives a poor indica-below the mean of the last 4,5 years (Rado-
~dex of tiou of the fraction reaching the Ocean. Pre-vieh, 1963). From 194,8 through 1956, tem-
e sport sumably the index is highest when striped bassperatures at both localities remained low. In
~eo Bay concentrate most iu the Bay and declines when1957 they increased sharply... They peaked
he by- they move through the Bay into the Ocean. at La Jolla in 1958 and at Pacific Grove in
ion ex- A major difficulty in interpreting the sig-1959; since 1960 they have been comparable
n years, nifieance of the correlations between tempera-to low temperatures through the early 1950’s.
:urrence tures and catches is that the catch statistics In all recent years except 1959, surface sea
onstrate are not direct measures of striped bass oe-temperatures are available from Farallon

currence in the ocean. Tag returns are theIslands, about 20 miles off Sail Francisco
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(University of California, Scripps Institutionfrequently when tidal fluctuations are greatest, strip
of Oceanography, 1960, through 1965). TheseTo test this hypothesis, summer catch rates popt
temperatures give a better measure of oceanfor tagged striped bass in the ocean were M
conditions in the area utilized by striped basscompared for days when tidal fluctuations tagg.
than either Pacific Grove or La Jolla tempera-were great (lower low tide below mean sea the
tures. The correlation coefficient for the re-level at the Golden Gate) and days when tidal subs
lationshlp between mean annual temperaturesfluctuations were smaller than this. In 1959 near
at the Farallons and the 1958-1964 percent-the catch rate was about 3% higher on days horn
ages of summer tag returns from striped basswith smal[ tidal fluctuations. In other years
25 or more inches long that were caught init was higher on days with large fluctuations,
the Ocean is 0.213 (Figure 5). The compa-with the respective annual percentage differ- M
table correlation coefficient for Pacific Groveences being about 2, 11, 14, 17, and 100. mew
temperatures for the same period, plus 1959,Thus, if a real difference exists, it is appar- were
is 0.107. The correlation coefficient for theently slight in most years, conc
relationship between these tag returns and the ¯ mat~
June-July mean temperature at the FarallonComparisons with migrations elsewhere ing
Islands is 0.373 .(Figure 5). None of theseStriped bass migrations described in Coos eonc
coefficients differs significantly from 0. TheBay, Oregon (Morgan and Gerlach, 1950) othe
significance of this is reduced by the inherentare similar to migrations in the Sacramento- vati~
variability possessed by coefficients based onSan Joaquin system. St
such few samples and the relatively few fish Migrations of Atlantic Coast striped bass in t~
(range from 59 in 1964 to 187 in 1960) onpopulations are more complex. These popu- duri
which the percentages of tag returns are based,lations are noted for extensive ocean migra- only
Nevertheless, they strongly suggest that thetions up the coast in the summer and back tagg
magnitude of the Ocean fishery has not beenin the fall. However, published evidence in- Delt
closely related to mean annual or summerdicates ocean migrations are largely sup-
mean sea temperatures from 1958 throughported by Chesapeake Bay area stocks (Raney, stre~
1964. 1952). The few large fish tagged in Chesa- fem~

Thus, the excellent ocean fishing in 1958peake Bay and North Carolina (Chapoton simi
occurred when ocean temperatures were high,and Sykes, 1961) participated in this ocean Ir
but ocean fishing was much poorer in 1957migration but otherwise migrated similarly pate
and 1959, when temperatures were also high.to comparable sized fish in California. Sinc
In 1948 surf fishing was relatively good when Smaller striped bass, which comprise the mah
temperatures were low, and ocean fishing inbulk of fish tagged in Chesapeake Bay, seldom spri~
the early 1950’s was much poorer than in theparticipate in the ocean migration (Mansueti, Delt
early 1960’s, despite comparable temperatures.1961). These fish have migrations generally ing
While the ocean fishery may not reflect thesimilar to the larger striped bass tagged in cont
magnitude of ocean migrations exactly, grossthe early I950’s in California (Massmann ratit
differences such as those that occurred be-and Pacheco, 1961). However, their migra- S!
tween the early 1950’s and the 1958-1964tions are apparently more diffuse, and they in t
periods, almost certainly reflect substantialdo not regularly migrate as far downstream late
differences in the magnitude of ocean migra-(Mansueti, 1961) as larger California striped gen~
tions. Since there are important discrepanciesbass have recently. Similarly, smaller striped subs
between measures of the ocean fishery andbass from other Atlantic Coast populations cific
ocean temperatures, it appears reasonable toapparently migrate only short distances from The
conclude that any relationship between oceantheir parent river systems (Raney, 1952; fall,
migrations and ocean temperatures is not asRaney, Woolcott and Mehring, 1954). ing
direct as might be inferred from the correla-Few large striped bass have been tagged Saca
tions Radovich described, in Atlantic Coast estuaries other than Chesa- wert

Many fishermen believe that striped basspeake Bay, so no general comparison can be mig’.
runs along the ocean beaches occur mostmade between migrations of large California St
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ttest, striped bass.described in this paper and similarmento River and eastern Delta in the spring
rates populations on the Atlantic Coast. and in the western Delta during the fall mi-
were Mansueti (1961) observed that.6 of 8 bassgrated similarly to bass tagged in the western
:ions tagged in Chesapeake Bay tributaries .duringDelta in the spring. In each case the major

sea the spawning season and recaptured duringdifference was that migrations to the Delta
tidal subsequent spawning seasons were caughtwere distinctive, with bass tending to return
t959 near the tagging site--additional evidence ofto the tagging area a year following tagging.

"earsdays
homing to spawning sites. This indicates that the o ~ulation is divided l/                                                       ifi-t o~-- corn ~onents with_" mew~hat~nt"

:ons, SUM~Art’t" .~g~ The same phenomenon has been
noted in Chesapeake Ba~.ffer- Migrations of striped bass in the Sacra-

100. mento-San Joaquin River system, California,Fish taggdd in the fall in San Pablo Bay
,par- were studied from 1958 through 1964. Mostalso migrated similarly. However, many of

conclusions are based on tag returns fromthem remained in the Bay area the following
mature bass tagged in the western Delta dur-spring, presumably because they were im-

"e ing their spring spawning migration. Somemature.
~oos eoneluslons are based on tag returns fromThe migration pattern from 1958 to 1964
)50) other groups of tagged bass and from obser-was generally similar to that in the early
nto- rations of angler catches. 1950’s. However, there were two lnajor dif-

~dlaexl-.bass._t~ee~d at different locationsferences. The most important was that in the
bass in the western Delta and at different t-~meslater period bass generally migrated farther
opu- durmg..fl_Le~.s.pL~.n.g_.mxgr;~t~d_d~s~m~l~try-yI~. "~/~downstream and stayed there longer. The
igra- onl~ i~a’~ortant difference ~,~’~fi’~t thosesecond was a shift from the San Joaquin to
back tagged in the San Joaquin portion of thethe Sacramento side of the Delta in the later
; in- Delta tended to return there the next year.period. As a result, striped bass fishing in
sup- Larger mature fish migrated farther~n-San Francisco Bay and the Pacific Ocean
ney, strea"--’~ thah ~m~l~r one~. l~-ture males andwas generally better, while fishing in the Delta
~esa- fernale~ in the same size groups migratedwas generally poorer, in the later period.
oton similarly. Also, the importance of the Sacramento River
eean .~3~) Immature males and females do not partici-as a.s . ~ .area ~.:ave mcrease_~...
larly ~at~-~-the ~awning ..m~gration to ~ elta.:.

"’I~~m ~P°r~’-~nt ~"ffanges
C /’1 ~~ure "ht a gleater age than" in the environment and the striped bass pop-

the I anales, they dominate Bay area catches in the
ulation which could cause these changes in

dom [s..pring, while males dominate catches in the
migrations. However, few quantitative data

ueti, Delta. Males probably remain on the spawn-about these changes are available, so no
rally ing grounds longer than do females, furtherdefinite eoncluslons about causes could be
t in contributing to these disproportionate sexreached.
mnn ratios. Observations of the fishery and tag returns
’,gra- Striped bass tagged in the ew~_~_ern Deltasuggest that the magnitude of migrations to
they in the spring migrated to salt water in thethe Pacific Ocean is not as closely correIated
earn late spring. In summer the population waswith ocean temperatures as earlier studies had
iped generally centered in San Francisco Bay, butsuggested:
iped 1 substantia! numbers were caught in the Pa-Migrations in the 1958-64 period are
ions

!

cifie Ocean from Tomales Bay to Monterey.similar to migrations reported from Oregon.
rom . They started returning to the Delta in theThey differ from Chesapeake Bay stocks in
)52; , fall, but many wintered in the Bay area. Dur-that many Chesapeake Bay fish undertake

ing the spring most were in the Delta or upperlonger ocean migrations. However, migra-
gged Sacramento River and its tributaries. Theretions of small bass from other Atlantic Coast
tesa- were appreciable annual variations in thesesubpopulations are more restricted than those
a be migration patterns, for small bass from Chesapeake Bay, so the
rnia Striped bass tagged in the upper Sacra-migrations of large bass from other sub-
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